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Figure 2: (A) High-pressure experimental set-up for the scCO2-
water system (B) Schematics of TDR measurement system. 
Figure 3: Photographs showing  (A) the sample holder with silica sand and sensors  
(B) Sensor and holder with the silicone rubber (indicated with arrow) (C) sample holder 
with the TDR  probes showing insulated part (Cell internal diameter: 10cm, sample height: 
4cm)  
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Characterization of CO2-Brine Migration with Criteria for Detection of CO2 Leakage in the Porous Media 
 
 
The issue of global warming and the proposed geological carbon sequestration have increased the interests on studying supercritical CO2 
(scCO2) and brine/water flow in porous medium. Like other two-phase flow  systems in porous media, the capillary pressure (Pc), relative 
permeability (Kr) and electrical properties (e.g., bulk electrical conductivity (σb) and bulk dielectric constant (εb) )  of the  fluid-fluid-porous 
media systems can be used  as the characterization parameters since they are all functions of  water saturation  (S) (Plug et al. 2007). But the 
non uniqueness of these functions pose challenges to their applications in the efficient and reliable monitoring  of  the subsurface processes 
involving  two-phase flow system, especially CO2-water/brine system.  Also,  the cost and difficulties of the existing carbon sequestration 
monitoring techniques  call for design of cheaper and simpler alternatives.  It is  
important to develop techniques to investigate the behaviours of the  CO2-brine  
at different stages and depths of the  migration (Fig. 1) using combined  
characterization techniques. Thus, there is a need to understand thoroughly  
the factors contributing to the non uniqueness of these two-phase   
characterization functions i.e.,  Pc-S, σb-S and εb-S relationships 
Aim 
• To investigate the non-uniqueness in the Pc-S, εb-S and σb-S relationships for scCO2-brine/water system in silicate and carbonate media. 
• To explore the application of silicone rubber as membrane in the detection of CO2  leakage  in the subsurface. 
• To establish simple criteria to  distinguish the presence of various  gases in the subsurface and design simple household application of the 
leakage detection system.  
 
 
Figure 2 shows the experimental set up.  CO2 is injected into the sand domain to displace the brine/water. The phase pressure  was  
measured by pressure transducer. To investigate the dynamic effect, dynamic (fast injection) and quasi static (slow injection) 
displacements were performed. The Pc was measured as the difference between CO2 and  brine pressures. To measure CO2  pressure, the 
face of the pressure transducer was covered with PTFE membrane. To measure water/brine pressure, nylon membrane was used to cover 
the transducer. Water saturation was measured using time domain reflectomtery (TDR)  technique. TDR probes are shown in Fig. 3C as 
a wave guide for the impulses generated by the reflectometer (TDR100).  While the pressure sensors and the TDR gave us the readings 
for the Pc-S measurements, the TDR further gave us the readings for the εb-S and σb-S relationships. The porous medium samples used 
are silica sand and limestone (trucal 6). Furthermore, silicone rubber as selectively permeable membrane was used to investigate the 
presence of different gases e.g., N2 and CO2 . Results from these investigations enabled us to establish the useful criteria for the detection 
and distinction of various gases, present at different depths of the subsurface. 
Figure 1: Illustration of the multistage migration of CO2 in the aquifer 
 
Figure 4:  Effect of dynamic and quasi static drainage in the (A) Pc-S (B) εb-S (C) σb-S relationships 
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Figure 5:  Effects of  (A) Pressure   (B) Media chemical properties (C) Temperature, on εb-S  relationships 
Figure 6:  (A) Mass permeation of CO2 and  N2  in silicone rubber  (B) Geological depths considered (C)  Slope of the mass permeation rate  with 
depth for distinguishing different gases (D) Computer for online  monitoring of  leakage based on the criteria in C  
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Dynamic effects in Pc-S, εb-S and σb-S relationships  
Dynamic effect (i.e. dependence on 
flow rate) was found in the PC-S 
relationship (Fig. 4A). Fig. 4A shows 
that the PC-S  curve is higher under 
dynamic condition (fast injection 
rate)  than quasi static (i.e. very slow 
flow rate). This implies that the 
relationship is flow rate dependent.  
However, the was no dynamic effect 
found for εb-S (Fig. 4B) and σb-S 
(Fig. 4C) relationships. Thus, CO2-
water system in porous media can be 
more effectively monitored with εb-S 
and σb-S behaviours in porous  media 
Influence of temperature, media  properties and pressure on εb-S and σb-S relationships  
Pressure was found to affect  
the εb-S relationship (Fig. 5A). 
The curve rises with increased 
pressure. Similarly, the 
chemical properties of the 
porous media sample also affect 
the εb-S relationship. Fig. 5B 
shows that the εb-S  curve is 
higher in limestone (trucal 6) 
than the silica sand. Also, the 
εb-S relationship decreases with  
temperature (Fig. 5C) 
Detecting CO2 leakage on computer using pressure sensor and membrane  
Figure 6A shows that CO2 and N2 
have different mass permeation 
characteristics in silicone rubber. At 
different conditions, corresponding 
to different geological layers (Fig. 
6B), mass permeations  were 
determined and the slope of different 
plots was used to establish a 
distinguishing criteria for different 
gases (Fig. 6C).  These criteria can 
be used to detect the presence  CO2 
or  other gases in the subsurface. 
Particularly, the criteria are useful for 
applications in CO2 leakage scenario 
• CO2-water can be successfully monitored using capillary pressure (Pc), bulk dielectric constant (εb), the electrical conductivity (σb) and water/brine saturation 
(S) relationships . However, there exist dynamic effect in the PC-S relationships, making it dependent on the flow rate of the system. 
• εb-S relationship shows dependency on the dominant pressure, temperature and media characteristics. 
• Slopes of the mass permeation rates for gases in the silicone rubber serve as important criteria to detect and distinguish the presence of different gases in the 
subsurface. Particularly, it is useful in the detection of CO2  leakage at different geological depths  before it reaches atmosphere. 
2. Methodology 
1. Introduction 3. Results and Discussion 
4. Conclusion 
